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Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor the University of California nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any
specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United
States Government or the University of California. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States Government or the University of California,
and shall not be used for advertising or product endorsement purposes.

This work was performed under the auspices of the U.S. Department of Energy by University of
California, Lawrence Livermore National Laboratory under Contract W-7405-Eng-48.
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1 Project Overview

We designed and built a phantom consisting of vertical winagtained under tension to be used
as an ultrasonic test, calibration, and reconstructioecaildpr the LLNL annular array scanner
known as thé&KCl scanner. We provide a description of the phantom, present some ebeatiapa
sets, and preliminary reconstructions.

2 Project Goals

Design and build a reconfigurable ultrasonic phantom foit@é scanner. Use it to collect well
characterized data under controlled conditions for useasdnical data sets” in testing and eval-
uating new inversion algorithms.

3 Reédevanceto LLNL Mission

The non-destructive evaluation (NDE) of objects and mefdliaterest to LLNL/DOE/DOD is an
essential part of LLNL's mission. Many NDE situations havg demands beyond the scope of
the current suite of imaging algorithms. As new algorithmd aodes come on line, they must be
evaluated on well characterized phantoms. The Ultrasoalib@tion Test Phantom provides such
a data set.

4  FYO04 Accomplishments and Results

We designed and built a phantom consisting of vertical winamtained under tension to be used
as an ultrasonic test, calibration, and reconstructioecildpr the LLNL annular array scanner
known as thé&KCl scanner. The phantom consists of top and bottom plates into whiclilealed
holes through which the wires are run. The holes form a geweaépattern which govern the
horizontal distribution of the wires. The plates are affitedop and bottom mounting brackets
which are pulled apart putting the wires under tension. Gibat the phantom object formed by
the wire distribution does not vary much in the verticatrection), we assume the measured data
are from a 2.5-dimensional object. The initial conceptlenitom design is presented in Figure 1

These plates are removable permitting differing desighetased. We currently only have one
design: a logarithmic spiral with equation,

r(0,) = a(cos(,),sin(f,)) ", (1)



where

a = Ao is the initial radius and,
X = o/ fo is the insonifying wavelength,
vg = 1500 meters/second is the assumed background water velocity,
fo = 1MHz Is the approximate insonifying frequency,
b = 107/180 is the spiral growth rate,
0, = {nAg}y are the angular locations of the wires,
Af = 307/180 is the angular increment,
N = 31 Is the number of wires.

This current configuration is shown in Figure 2(a). We hal@nadd for an optional acrylic hollow
cylinder around the phantom as shown in Figure 2(b). Fig(cgshows one of the plates.

The phantom is fastened into the scanner: the top block iedffo a rod fastened to the central
bore of the scanner drive; the bottom block is fastened tddt®m of the tank. Once installed,
the blocks are pulled apart to render the wires taut. Figued 83hows the phantom with 31 steel
taut wires. Figure 3 (b) shows the optional acrylic cylinoheplace.

Figures 4 and 5 show measured time series data and specthe feater background and 31
steel wire cases. The data are very clean. Clear and distmograms of individual wires are seen
in Figure 5.

The design of the phantom allows for wire of different matkrto be used. We have run scans
with the following combinations:

31 steel wires;

30 steel, 1 nylon;

25 steel, 6 nylon;

25 steel, 6 nylon, with the hollow cylinder;

2 steel, 2 nylon resolution pair;

2 steel, 2 nylon resolution pair, with the hollow cylinder;
Hollow cylinder only (no wires).

Preliminary reconstructions, using Quantitative Timeaizn Multiview Imaging (QMTDI), of
the 30 steel/1 nylon and 25 steel/6 nylon combinations ave/shin Figures 6 and 7.

5 Future Work

We are very pleased with the phantom design and quality ahéeesured data which will be used
as “canonical data sets” for testing new inversion and dietealgorithms. The flexibility of the
phantom allows us to design new models to simulate real NbBlpms of interest to LLNL,
DOE, and DOD. Additionally, we will share these data setdwatitside collaborators such as
those at the Center for Subsurface Sensing and Imagingr8y$teenSSIS) in order to identify
researchers who have NDE solutions of interest to LLNL.

We will be reconstructing the current data sets with ourgloarrent, mature algorithms:

e Time reversal (TR) [1];



e Hilbert space inverse wave (HSIW) [2, 3];
¢ Quantitative Time-Domain Multiview Imaging (QMTDlI)dference currently being pre-
pared for publication).

References

[1] S. K. Lehman and A. J. Devaney. Transmission mode timersal super-resolution imaging.
The Journal of the Acoustical Society of America, 113(5):2742—-2753, May 2003.

[2] A. J. Devaney and M. Dennison. Inverse scattering in mbgeneous background media.
Inverse Problems, 19:855-870, 2003.

[3] S. K. Lehman and S. J. Norton. Radial reflection diffranttomography.The Journal of the
Acoustical Society of America, 116(4), October 2004.



The wires are secured to the
top and bottom plates. They
are suspended under tension
by the bottom weight.
Beads, spheres, and other
objects can be fastened to
the wires to model more
complicated structures.

Removable outer cylinder.
Slips over the suspended
wire phantom. Data will be
collected without and with
the sheath.

The sheath will be fastened
to the weight in a water
tight manner. The phantom
may then be filled with a
contrast agent.

Side View

Top Plate

Heavy Weight

10cm

<
N

N,
>

Suspension
Wire

Wires

Top View

Top Plate

i Bottom Plate A
0000000000000
o0 o0
- 122y Weight X4
o0 e0
0000000000000
o000 o0

Wires of varying material
properties will be threaded
through the plate holes and
arranged in various patterns.

Figure 1:Preliminary wire phantom conceptual design.
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Figure 2:Basic spiral phantom design. (a) Without hollow cylinder. (b) With cylinder. (c) Photo-
graph of wiring plate with holes.



(b)

Figure 3:(a) Phantom after the wires were pulled taut. (b) Phantom with optional acrylic hollow
cylinder.
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Figure 4:Water background.



Data Set Directory: 31Steel, Source Number: 0
0 T T T T T T

50

100} §

time (us)

150} .

200

2501 7

0 50 100 150 200 250 300
Receiver Number

Mean Spectrum Magnitude

4000

3500}

3000}

2500
2000 fo =1.64 MHz
1500
1000

500

frequency (MHZ)

Figure 5:31 steel wires.
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Figure 6: Preliminary reconstructions using Quantitative Time-Domain Multiview Imaging
(QMTDI) method of one nylon wire case. The nylonwireislocated at the 6 o’ clock position on the

inner most spiral arm asindicated by the black arrow. The blue arrow indicates the location of a
missing wire at the 9 o’ clock position.



Full Image

Compressibility

Density

y (mm)

-20 -10 0 10 20 -20 -10 0 10 20
X (mm) X (mm)
Detail of Center
Compressibility Density

y (mm)
y (mm)

X (mm)

Figure 7: Preliminary reconstructions using Quantitative Time-Domain Multiview Imaging
(QMTDI) method of six nylon wire case. The black arrows indicate the locations of the nylon
wires. The blue arrow indicates the location of a missing wire at the 9 o’ clock position.
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